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= R by the following general formula (1) 




have a potent activity of selectively 
inhibiting HDAC1 S 4. Thus, these 
compounds are useful as drugs for 
preventing or treating diseases caused 
by HDAC1,4. (1) 
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^ZSfflfeK* h^BLTt^M\MB (Histone deacetylase:HDAC) Pl$£!j:i3 <fc 

Mm±m<D?*-<?^^Migtm.te?-<D&m~z. \i^h>r^Mtmm (had 

\Z X 5 X h l/fDTIzT-Mb t * > ^^T^M^Mm (HDAC) \Z X %>$LT 

-i/x&mmirzzb&&wifrb%ntbft, m&/vMk VX<D!&m*m#f£]nX^ 

Z> (Marks, P. A., Richon, V. M. , and Rif kind, R. A. (2000). Histone deace 
tylase inhibitors: Inducers of differentiation or apoptosis of transform 
ed cells. J. Natl. Cancer Inst. 92, 1210-1216; Yoshida, M. , Horinouchi, 
S. , and Beppu, T. (1995). Trichostatin A and trapoxin: novel chemical pr 
obes for the role of histone acetylation in chromatin structure and func 
tion. Bioessays 17, 423-430; Bernhard, D. , Loffler, M. , Hartmann, B. L. , 
Yoshida, M. , Kof ler, R. , and Csordas, A. (1999) . Interaction between de 
xamethasone and butyrate in apoptosis induction: non-additive in thymocy 
tes and synergistic in a T cell-derived leukemia cell line. Cell Death 
Diff. 6, 609-607) 0 

mm. RmxfeW)%im%ixffl&A,Mb x^x^^^-r^ < o^© hdac pi 

^RJ(Nakajima, H. , Kim, Y. B. , Terano, H. , Yoshida, it, and Horinouchi, 
S. (1998). FR901228, a potent antitumor antibiotic, is a novel histone d 
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eacetylase inhibitor. Exp. Cell Res. 241, 126-133; Saito, A., Yamashita, 
T. , Mariko, Y. , Nosaka, Y. , Tsuchiya, K. , Ando, T. , Suzuki, T. , Tsuruo, 
T. , and Nakanishi, 0. (1999). A synthetic inhibitor of histone deacetyl 
ase, MS-27-275, with marked in vivo antitumor activity against human turn 
ors. Proc. Natl. Acad. Sci. USA 96, 4592-4597) OKI^W^^IB^^ttTV^S 

o 

KDAC&mm&^fflt LT« b V a**?^ A (TSA) &^&T*&Z> (Yoshida, 
M., Kijima, M. , Akita, M. , and Beppu, T. (1990). Potent and specific inh 
ibition of mammalian histone deacetylase both in vivo and in vitro by tr 
ichostatin A. J. Biol. Chem. 265, 17174-17179) 0 MfSks TSA tt&JfnjH*IB!8L 

#3bnms* %mmfaft£(ofrfc&ffim^zzk&tot>hx^z> (Yoshida, m., n 

omura, S. , and Beppu, T. Effects of trichostatins on differentiation of 
murine erythro leukemia cells. Cancer Res. 47: 3688-3691, 1987; Hoshika 
wa, Y. , Kijima, M. , Yoshida, M. , and Beppu, T. Expression of differenti 
ation-related markers in teratocarcinoma cells via histone hyperacetylat 
ion by trichostatin A. Agric. Biol. Chem. 55: 1491-1495, 1991; Minucci, 
S. , Horn, V. , Bhattacharyya, N. , Russanova, V. , Ogryzko, V. V. , Gabriel 
e, L. , Howard, B. H. , and Ozato, K. A histone deacetylase inhibitor pot 
entiates retinoid receptor action in embryonal carcinoma cells. Proc. N 
atl. Acad. Sci. USA 94: 11295-11300, 1997; Inokoshi, J., Katagiri, M. , A 
rima, S. , Tanaka, H. , Hayashi, M. , Kim, Y. B. , Furumai, R. , Yoshida, M. , 
Horinouchi, S. , and Omura, S. (1999). Neuronal differentiation of Neuro 
2a cells by inhibitors of cell progression, trichostatin A and butyrola 
ctone I. Biochem. Biophys. Res. Commun. 256, 372-376; Wang, J., Sauntha 
rarajah, Y. , Redner, R. L. , and Liu, J. M. Inhibitors of histone deacet 
ylase relieve ETO-mediated repression and induce differentiation of AML 



WO 03/070754 ^ ^PCT/JP03/01859 



- 3 - 

1- ET0 leukemia cells. Cancer Res. 59: 2766-2769, 1999; Munster, P. N. , 
Troso-Sandoval, T. , Rosen, N. , Rifkind, R. , Marks, P. A. , and Richon, V. 

M. The histone deacetylase inhibitor suberoylanilide hydroxamic acid i 
nduces differentiation of human breast cancer cells. Cancer Res. 61: 84 
92-8497, 2001; Ferrara, F. F. , Fazi, F. , Bianchini, A., Padula, F. , Gelm 
etti, V. , Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coco, F. , and Ner 
vi, C. Histone deacetylase-targeted treatment restores retinoic acid si 
gnaling and differentiation in acute myeloid leukemia. Cancer Res. 61: 

2- 7, 2001 ; Gottlicher, M. , Minucci, S. , Zhu, P. , Kramer, 0. H. , Schimpf, 
A., Giavara, S. , Sleeman, J. P., Lo Coco, F. , Nervi, C. , Pelicci, P. G. 

, and Heinzel, T. Valproic acid defines a novel class of HDAC inhibitor 
s inducing differentiation of transformed cells. EMB0 J. 20: 6969-6978, 

2001) o &b\zmKcuwMktemt£zmm^&te*&&&mmkir5mi®)k<D 
\zmirz> i # m r. -r / <<( t hdac vmm t <Dmm -eas 

As1fflti&(Dfrfc&feM&tlZ> (Minucci, S. , Horn, V., Bhattacharyya, N. , Russ 
anova, V. , Ogryzko, V. V. , Gabriele, L. , Howard, B. H. , and Ozato, K. A 

histone deacetylase inhibitor potentiates retinoid receptor action in e 
mbryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295-11300, 1 
997; Ferrara, F. F. , Fazi, F. , Bianchini, A., Padula, F. , Gelmetti, V., 
Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coco, F. , and Nervi, C. Hi 
stone deacetylase-targeted treatment restores retinoic acid signaling an 
d differentiation in acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; 

Coffey, D. C. , Kutko, M. C. , Glick, R. D. , Butler, L. M. , Heller, G. , R 
ifkind, R. A. , Marks, P. A. , Richon, V. M. , and La Quaglia, M. P. The h 



WO 03/070754 



PCT/JP03/01859 



- 4 - 



istone deacetylase inhibitor, CBHA, inhibits growth of human neuroblasto 
ma xenografts in vivo, alone and synergistically with all-trans retinoic 
acid. Cancer Res. 61: 3591-3594, 2001; Petti, M. C. , Fazi, F. , Gentile 
, M. , Diverio, D. , De Fabritiis, P. , De Propris, M. S. , Fiorini, R. , Spi 
riti, M. A., Padula, F. , Pelicci, P. G. , Nervi, C. , and Lo Coco, F. Com 
plete remission through blast cell differentiation in PLZF/RARalpha-posi 
tive acute promyelocytic leukemia: in vitro and in vivo studies. Blood 
100: 1065-1067, 2002) e #< (D&A,M^fe&A,ffiffll&fc?-<D$&m$fc 

— ^aM&il^tbS (Nan, X., Ng, H. H. , Johnson, C. A., Laherty, C. D. , 
Turner, B. M. , Eisenman, R. N. , and Bird, A. Transcriptional repression 
by the methyl-CpG-binding protein MeCP2 involves a hi stone deacetylase 
complex. Nature 393: 386-389, 1998; Cameron, E. E. , Bachman, K. E. , Myo 
hanen, S. , Herman, J. G. , and Baylin, S. B. Synergy of demethylation an 
d histone deacetylase inhibition in the re-expression of genes silenced 
in cancer. Nature Genet. 21: 103-107, 1999; Li, Q. L. , Ito, K. , Sakakur 
a, C. , Fukamachi, H. , Inoue, K. , Chi, X. Z. , Lee, K. Y. , Nomura, S. , Lee 
, C. W. , Han, S. B. , Kim, H. M. , Kim, W. J. , Yamamoto, H. , Yamashita, N. 
, Yano, T. , Ikeda, T. , Itohara, S. , Inazawa, J., Abe, T. , Hagiwara, A., 
Yamagishi, H. , Ooe, A. , Kaneda, A. , Sugimura, T. , Ushi jima, T. , Bae, S. 
C. , and Ito, Y. Causal relationship between the loss of RUNX3 expressio 
n and gastric cancer. Cell 109: 113-124, 2002; Boivin, A. J., Momparler 
, L. F. , Hurtubise, A., and Momparler, R. L. Antineoplastic action of 
5-aza-2' -deoxycytidine and phenylbutyrate on human lung carcinoma cells. 
Anticancer Drugs 13: 869-874, 2002; Primeau, M. , Gagnon, J., and Mompa 
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rler, R. L. Synergistic antineoplastic action of DNA methylation inhibi 
tor 5-AZA-2' -deoxycytidine and histone deacetylase inhibitor depsipeptid 
e on human breast carcinoma cells. Int J Cancer 103: 177-184, 2003) 0 
HDAC Pl^fiJte. MMJiLTO^bf, tfAs^ffiMk VXhMftZtlX 
V^ 0 TSA^>SAHA^te, m^(Ofc^&A,^MZ3S^X$Lffi<Dm±$:mmZ- 
WJbfCo ~£fc, 'Vv7nWi%:m^*M%frb, HDAC pi^J^^^^Ji-^ 
^ t h7F&tlX^& (Gottlicher, M. , Minucci, S. , Zhu, P., Kramer, 0. H. , 
Schimpf, A. , Giavara, S. , Sleeman, J. P. , Lo Coco, F. , Nervi, C. , Pelic 
ci, P. G. , and Heinzel, T. Valproic acid defines a novel class of HDAC 
inhibitors inducing differentiation of transformed cells. EMB0 J. 20: 6 
969-6978, 2001) 0 

mAcvmmizm&Asftm^h, ^a^iaM^ fei^m, mmm (Dar 

kin-Rattray et al. Proc. Natl. Acad. Sci. USA 93, 13143-13147, 1996) ft b* 

<Dmm-$cwm, ^hKnm.^mmKmir^^^-mA(Dmmt (Dion e t 

al., Virology 231, 201-209, 1997) N ^Ajfrfe^^^/Cjl (Chen et al. , 
Proc. Natl. Acad. Sci. USA 94, 5798-5803, 1997) £f«* ^ffl^^tlt 

v^^ e ^fc, MhcmmMtefawmmmftm%^i-% tHx.ibtix^z> (Kim, 

M. S. , Kwon, H. J., Lee, Y. M. , Baek, J. H. , Jang, J. E. , Lee, S. W. , Mo 
on, E. J. , Kim, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. W. , and Kim, K. 
W. (2001). Histone deacetylases induce angiogenesis by negative regulat 
ion of tumor suppressor genes. Nature Med. 7, 437-443 ; Kwon, H. J. , Kim 
, M. S., Kim, M. J., Nakajima, H. , and Kim, K. W. (2002). Histone deacet 
ylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 2 
90-296) 0 

mhCKteiomm&±(Dy--7'?'(zffr&&-rz>&^ 3#¥> #^hdac-9-^> 
j'7'b&Asb(D%mteMm$t>faox%t£ 0 m&A,<D&}m\zm#>xm.m 
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& V (Ito, A. , Lai, C. H. , Zhao, X. , Saito, S. , Hamilton, M. H. , Appella, 
E. , and Yao, T. P. (2001). p300/CBP-mediated p53 acetylation is commonl 
y induced by p53-activating agents and inhibited by MDM2. EMB0 J. 20, 13 
31-1340), ^TCO^fiRa^^HDACl^HDAC2^p^>§r i: (Juan, L. J., Shia, W. 

J. , Chen, M. H. , Yang, W. M. , Seto, E. , Lin, Y. S. , and Wu, C. W. (2000 
). Histone Deacetylases Specifically Down-regulate p53-dependent Gene Ac 
tivation. J. Biol. Chem. 275, 20436-20443), HU#M3£'l46lfiL3p§ (APL) <D$£ 
m^mt> 5161 PML-RAR ^ PLZF-RAR. V >/<m<D$&mfcMt> 5 Bcl-6 m<o& 
A/jfrjS^, y ^Vyt-^bt HDAC4 ft V ? h U 1E%f£9t 

5 (Dhordain P. , Albagli, 0. , Lin, R. J. , Ansieau, S. , Quief, S. , Leutz, 
A. , Kerckaert, J. P. , Evans, R. M. , and Leprince, D. (1997) . Corepressor 

SMRT binds the BTB/P0Z repressing domain of the LAZ3/BCL6 oncoprotein. 
Proc. Natl. Acad. Sci. USA 94, 10762-10767; Grignani, F. , De, M. S. , Ner 
vi, C. , Tomassoni, L. , Gelmetti, V., Cioce, M. , Fanelli, M. , Ruthardt, M 
., Ferrara, F. F. , Zamir, I., Seiser, C. , Grignani, F. , Lazar, M. A., Mi 
nucci, S. , and Pelicci, P. G. (1998). Fusion proteins of the retinoic ac 
id receptor-alpha recruit histone deacetylase in promyelocyte leukaemia 
. Nature 391, 815-818; He, L. Z. , Guidez, F. , Tribioli, C. , Peruzzi, D. , 

Ruthardt, M. , Zelent, A. , and Pandolf i, P. P. (1998) . Distinct interact 
ions of PML-RARalpha and PLZF-RARalpha with co- repressors determine dif 
ferential responses to RA in APL. Nature Genet. 18, 126-135; Lin, R. J., 

Nagy, L. , Inoue, S. , Shao, W. , Miller, W. J. , and Evans, R. M. (1998) . 
Role of the histone deacetylase complex in acute promyelocyte leukaemia 



. Nature 391, 811-814) 0 t<D-^X\ ^#^^^1"^ HDAC ^zf*4 Zf 
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^^^(McKinsey, T. A., Zhang, C. L. , Lu, J., and Olson, E. N. (2000). S 
ignal-dependent nuclear export of a histone deacetylase regulates muscle 
differentiation. Nature 408, 106-111; Verdel, A., and Khochbin, S. (199 
9). Identification of a new family of higher eukaryotic histone deacetyl 
ases. Coordinate expression of differentiation-dependent chromatin modif 
iers. J. Biol. Chem. 274, 2440-2445). r*tfe«r&#U*V^*K:rt^^'Y 

SgfUf-efcS (Verdel, A., Curtet, S. , Brocard, M. -P. , Rousseaux, S. , Lem 
ercier, C. , Yoshida, M. , and Khochbin, S. (2000). Active maintenance of 
mHDA2/mHDAC6 histone-deacetylase in the cytoplasm. Curr. Biol. 10, 747- 

749) o mkC6\m%:t£¥X'ftmm<, jEfttKmm<ofttozmt>ztmfeisti 

So HDAC6«m/>W©JKT-fe^Wb^il#Us m/hW^^^SrftO^S 

r. ^ftlbtl/TV^S (Matsuyama, A., Shimazu, T. , Sumida, Y. , Saito, A., Y 
oshimatsu, Y. , Seigneur in-Berny, D. , Osada, H. , Komatsu, Y. , Nishino, N. 
, Khochbin, S., Horinouchi, S., and Yoshida, M. (2002). In vivo destabil 
ization of dynamic microtubules by HDAC6-mediated deacetylation. EMB0 J 
. 21, 6820-6831) , £<b^, HDAC6 \t.m^^^Zm,T±^MmmX\ 
mfa<£>MW)&\Z.M J l-'tZ> (Hubbert, C. , Guardiola, A., Shao, R. , Kawaguchi, 
Y., Ito, A., Nixon, A., Yoshida, M. , Wang, X. -F. , and Yao, T. -P. (2002) 
HDAC6 is a microtubule-associated deacetylase. Nature 417, 455-458) 

. ^xmAC6<Dmmmt^mmmmtti:^m^h^o tsa^hdac^:/ 

tti*>^ f h 9 HDAC6 StPE^I" 5 r. *S-e# (Fu 

rumai, R. , Komatsu, Y. , Nishino, N. , Khochbin, S. , Yoshida, M. , and Hori 
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nouchi, S. Potent histone deacetylase inhibitors built from trichostati 
n A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98: 87-92, 2001.) . &m<03LWW&V>W itrh7 

-(D-t \*m#.T h y^f- MB^Stiotfll* * HDAC 

TSA » t Kn^i^Sfe&tf 5 HDAC 5/ b rtT?M»l-Sffi-f"5 - "W* 

1£'\&&7rrf (Finnin, M. S. , Donigian, J. R. , Cohen, A., Richon, V. M. , Ri 
fkind, R. A. , Marks, P. A. , Breslow, R. , and Pavletich, N. P. Structure 
s of a histone deacetylase homologue bound to the TSA and SARA inhibitor 
s. Nature 401: 188-193, 1999.) 0 *fA»*tt« HDAC WMMt L 

TJ3\ Oxamf latin (Kim, Y. B. , Lee, K. -H. , Sugita, K. , Yoshida, M. , and H 
orinouchi, S. Oxamf latin is a. novel antitumor compound that inhibits ma 
mmalian histone deacetylase. Oncogene 18: 2461-2470, 1999.) „ CHAP (Fur 
umai, R. , Komatsu, Y. , Nishino, N. , Khochbin, S. , Yoshida, M. , and Horin 
ouchi, S. Potent histone deacetylase inhibitors built from trichostatin 

A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98: 87-92, 2001., Komatsu, Y. , Tomizaki, K. -y. , Tsukamoto 
, M., Kato, T., Nishino, N. , Sato, S. , Yamori, T. , Tsuruo, T. , Furumai, 
R. , Yoshida, M. , Horinouchi, S. , and Hayashi, H. Cyclic Hydroxamic-aci 
d-containing Peptide 31, a potent synthetic histone deacetylase inhibito 
r with antitumor activity. Cancer Res. 61: 4459-4466, 2001.) &ift>$Sb 
tt-CV^o b*»U TSA»jfiL^W^-efc5Jb^fc KoWt©^^bf 

-e N t HDAC fflf ilir^T?©i -^^/^PJ t VXM 
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^©^C(j:SotV^V\ rtU-xJU tificKftot FK228 ©v?7/V7^f Kjjg 

HDACSria$U#s::i^Stt/to C 5 i£FK228 Ml^ 
<DM7Gfi^3&7c£frXm&4£ , 1rZ>'7v K?y^Tf*5 (Furumai, R. , Matsuyama 
, A., Kobashi, N. , Lee, K. -H. , Nishiyama, M. , Nakajima, H. , Tanaka, A., 
Komatsu, Y. , Nishino, N. , Yoshida, M. , and Horinouchi, S. (2002). FK228 
(depsipeptide) as a natural prodrug that inhibits class I histone deacet 
ylases. Cancer Res. 62, 4916-4921) „ 

*trz>m£T h7^f K«3t©^^4^Ift$^^•cv^5^(ltf« Yoshida e>, 1 
995), zft3-x<Dm^m&fe&t£¥<nn*<o&xmM&k 

^Ti-S^^ b K«3tSr^ri-5fl2-fr«*^ U ^© HDAC |aWfiH4Sr 

^/KT^ \?f&&&J}'tZ>ik&V0ttiin vitro Xfc&mfcMVX 
£ E 5&V> HDAC PJ.WStt^^ £ fcv^ 3S7G£!j-e£> 6 W h /1"<£t 

*#$*T^-/vfr £ 5&V> HDAC IM^ttSr^rTS - i: $ ftfco 

— jfir. Mw^KC^i^/V:^ K#:^tefi TSA /Wfc^H^^V^ 

^7c-e^/w^^ K^asM^bT&v^fed s ^£;ft5 hdac fia«3©^i3 K 
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sriia!) it^(Dskm^<D^mmmirt t h 4%m& (-sx) i-il* 
^fite^&^£^5 ^k\z&9, HDAC la^J^^^^fM^SttSr^ff 

Ci] ^Tc>— $£5£ (l) X*7F£*iZ>4k&y0o 



/i^/i^m^T;ftj&>&;^1-o *fci, Rz, £ R^, £ Ra,, R 3 i ^ R 32 » R 32 £ R33. ^41 
Hi$C 1—5 ©E^T;^l/yS, 1-6 ©^BEilSr^ri-5*««*ffe 1~5 

©lir/^^i, t> u< ^ifc 1-6 (omm^m^-tcm^mwc 1-5 




[5£*», R u , R^, R 31 , ^-t^fi^t^A^LVXTkm^^^^^o R22» 
Ra, R 32 , R33, R 42 » Ra»*H^*UBl3feU-C**. «^l~6©ilL«r/i-^S 
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5 r H 5 T/v^^SI) l< ft7 y -^Is iafcffiitmRn, R^, R^, R™> R 42 

C93 — «5fc (2) 



(5£f N n «— (1) *T?Jti*b;fc£:l^lin?S>tK Hal ttlMJIHK 
SSr^i") -$!5£ (3) 




(2) 
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R22 R23 R32 R33 R42 R43 



x 



(3) 

HNR21^ ^CONR3i^" "**CONR4i^ ^COOP2 

(^^n Rn, R21. R22> ^23> ^31» ^32' ^33> ^41» ^42> R43 ( 1 ) 

®k^^h*ffi&M(O^TX*&J&£^ -®t& (4) 
Hal 



R22 R23 R32 R33 R42 R43 

^ M M X 

P1-NR1V n ^CONR21 x ^^^CONR31 X ^^CONR41**^^COOP2 

(4) 

(^^n n, R n , Raj, R 22 , R 23 , Rsi> R 2 2> Rs3» R41» R42» R43» Pl> ^2» "R^T Hal (3 

) 

R43 

R 4 : 



Hal 



R23 (5) 

(^I^n n, R u , R^, R^, Raj, Rj!, R 32 , R^ R^, R^, R 43 , P 2 , ^.T^Hal 

) 
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P1-NR21 




COOH 



(6) 



r^. r 22 , Ras, r 31 , r 32 , R 33 , *u. R42. R43. ^^p x wmx-Mm^tc 



(=Stf\ n, R n , Pa, XT/ Hal tt, fulBT^g^fci ^SfrS-fb 



Pi-NR21 x '^*CONR31^^CONR41-'^ ^CONRn^ ^COOP2 

(8) 

OCT. n, R n , R 21 , R^, R.3. **v *™ R «. R 4* p i» p » XT/ Hal 
% IWBT?«IUfcklB«|-C*)6) TWS^^Iltr^ *V>-e-»* (8) T* 

SJS**T. -tlB-^ (5) •Ci3%**bSflS'&***. *we- JK: (5) 




Hal 



COOPz 



(7) 




Hal 
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P3 



(9) 



n, R n , R 2I , R^, Ra,, R», R 32 , R 33 > V R 42 , tt. ttlB*C)fe* U 

^WGMfr&«W\ JifB©-^ (l) -e^-r- J:^tt5. 
fttt HDAC b-C«ffl-e# 5» 

_hfE5£ (i) «f\ r„, R2U r 31 , Rtttt^ti^enaiscuT^sfctt^^ifii: 

tSiims. R 22 . R»> R 32 . ^3s» R 42> R 43 «> ^^Jt^ScUTtK* 
tfffi&VX^Xh «fcv\, *fc> R 21 £ R^, Raz t Rj*, Rsj £ Rs* R 32 * R 33 » R 4i ^ R« 

& i~5 (o^mr^ 1/ i~6 ©^^isr^r-rsfltM&HR !~ 5 © 
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5 - t UV\, £fc> HDAC HM?fiH43r^rl-5^tf— ^ 

lt!b# l# & t/v^/vs l < t$r y -/H^ * ft fettm r^, r 23 , r 32 > r 33 > 

R^, ifcfcte R 43 0*SI^LiX©£K:fi:ft5«iIfi^l^^^7 

4 m&%mj&vx^zmnm : f-t£i?b-tzzk&x%z>o 

5 HDAC |fiW!l39S3SSEllti-S £ £ iJU&So 3^ flUIIR : ?**i-«tt*©TA"¥/l' 
XfcKttT!)-^ Sfcfc1K#l£ft£&#;tTVvCt>J:<^ HDAC 
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tz.T>v*>v * }Vfj i/Si tcfeT V )V% zfZ^h SS-^-f -f V -y K<£> X M 

M:°y s?^ 4-^7^^ h try s?^ % 5'-^/v#:/ h-s-rifx^vv^ 
*^^*5v>-c^; (i) *k ainttHDAcia^jgtt^i-s^a-esa*?. 

©si^ h y^zf^- vmm^^mnm^^to^mwcn frbftzmmmte. hdac 

4fett, -apT;^ ^BftSrJIOfti: bTETF^ii 9 JKfrTS r £ a* 

-e#£ 0 &*5> R u » R21. R 22 > Has*- Rn. R 32 » R 33 . R41. R 42> R43- teklFritzEOlfe 

ZX&XbZo AfW&fctt* — laa; (2) 




(2) 



(3) 
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R22 R23 R32 R33 R42 R43 

W </ \/ (3) 

HNR21-^^CONR31*^ SSv CONR41^ Ss ^COOP2 



i rn Hal R22R23 R32R33 R42R43 

Mr V (4) 5£ X. 

P 1 - N R1 CO N R21 CO N R3i" X ^ Sv CON R41 C OO P2 

(4) 

fcRJ&Zit, (5) 
R43 

R23 (5) 

Sr-grtfWHIfcSiS**, — J»5£ (9) 
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P3 



(9) 



^jfeT'fcSo JM^t-te. (6) 

R22 R23 R32 R33 R42 R43 

\? v \C (6) 

P1-NR21^^C0NR31 X ^^C0NR41 X '^ V C00H 

-e^HMfra^^ (7) 



HR11N 




(7) 
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Hal 



R22 R23 R32 R33 R42 R43 



v y y x n 

Pi -NR2i*^ Vv CONRaV^^* CONR4i"^^ CONRn^^- COOP2 

(8) 

R43 

R42 



O. R V 



R23 

^$ttS>fb^Sr#s &v^-e-«£ (9) ^^tt^^^^T^^T^fc 

Z.b&&LWifrtb%at>ZlX^Z> (Yoshida, M., Nomura, S. , and Beppu, T. Effe 
cts of trichostatins on differentiation of murine erythroleukemia cells. 
Cancer Res. 47: 3688-3691, 1987; Hoshikawa, Y. , Kijima, M. , Yoshida, M 
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. , and Beppu, T. Expression of differentiation-related markers in terat 
ocarcinoma cells via histone hyperacetylation by trichostatin A. Agric. 

Biol. Chem. 55: 1491-1495, 1991; Minucci, S. , Horn, V., Bhattacharyya, 
N. , Russanova, V. , Ogryzko, V. V. , Gabriele, L. , Howard, B. H. , and Ozat 
o, K. A histone deacetylase inhibitor potentiates retinoid receptor act 
ion in embryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295- 
11300, 1997; Inokoshi, J., Katagiri, M. , Arima, S. , Tanaka, H. , Hayashi, 

M. , Kim, Y. B. , Furumai, R. , Yoshida, M. , Horinouchi, S. , and Omura, S. 

(1999). Neuronal differentiation of Neuro 2a cells by inhibitors of eel 
1 progression, trichostatin A and butyrolactone I. Biochem. Biophys. Re 
s. Commun. 256, 372-376; Wang, J., Saunthararajah, Y. , Redner, R. L. , an 
d Liu, J. M. Inhibitors of histone deacetylase relieve ETO-mediated rep 
ression and induce differentiation of AML1-ET0 leukemia cells. Cancer R 
es. 59: 2766-2769, 1999; Munster, P. N. , Troso-Sandoval, T. , Rosen, N. , 
Rifkind, R. , Marks, P. A. , and Richon, V. M. The histone deacetylase in 
hibitor suberoylanilide hydroxamic acid induces differentiation of human 

breast cancer cells. Cancer Res. 61: 8492-8497, 2001; Ferrara, F. F. , 
Fazi, F. , Bianchini, A., Padula, F. , Gelmetti, V., Minucci, S. , Mancini, 

M. , Pelicci, P. G. , Lo Coco, F. , and Nervi, C. Histone deacetylase-tar 
geted treatment restores retinoic acid signaling and differentiation in 
acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; Gottlicher, M. , Minu 
cci, S. , Zhu, P., Kramer, 0. H. , Schimpf, A., Giavara, S. , Sleeman, J. P 
. , Lo Coco, F. , Nervi, C. , Pelicci, P. G. , and Heinzel, T. Valproic aci 
d defines a novel class of HDAC inhibitors inducing differentiation of t 
ransformed cells. EMB0 J. 20: 6969-6978, 2001) „ £oT, 1&6&<D4k&fy 
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&f~ s w)kc*um-rz>ik&m\z, iamm^mmir^h^m^x^^ (Kim 

, M. S. , Kwon, H. J. , Lee, Y. M. , Baek, J. H. , Jang, J. E. , Lee, S. W. , 
Moon, E. J. , Kim, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. W. , and Kim, 
K. W. (2001). Histone deacetylases induce angiogenesis by negative regul 
ation of tumor suppressor genes. Nature Med. 7, 437-443 ; Kwon, H. J. , K 
im, M. S., Kim, M. J., Nakajima, H. , and Kim, K. W. (2002). Histone deac 
etylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 

290-296) 0 iot, ^m<Dfc&mi-z. sk^^mmt vxhmmxz s„ 

&$&m(Dfc&mZs 31*<DHDAC(£>5*>s HDAC1, 4{^LTI^(J1 

§tv^w^^-To ^(otnV)^ ^mvfc&m-z, hdaci, 4Kmmvt^B 
(Dmm*ttite^p5<Dfr}b<Dmmk^x#mfctez 0 ^^littn 

hdaci, 4^H^bfcgB^^s, fcrnm. mmmt£¥%^#>z>z.t& 

*fc s ^wofc^m* yf-sj dna * ^Mmmn t &m-r s 

mvmm&zmmmmw^&z&xhx^o ztommmt vxte&mvmm 
&mmn&izfrte^&nmzj&Kxm$ix%. mm. %m. tsssu wa 

m?k *^^m~mm-?z>zk&xzz>mmib^xi^ m*.***??-^ 
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-/K ^;T^'I4#ffi««k ii^!iy^-V 80™. HCO-50 ifffiLT 

Mirux^, m%.t£. mtmm, rn^-^mm, mm^mm, m^^m^^ 
i$m 60kg t ut) Kis^-m, mn, i 0 m y>m 0. 01 a>e> somg, 0^ l< 

0. 1 k 20mg. <fc 9 $f * U < 0.1H lOmg gflE&lMRSEltfc:,!; 9 
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i:LT) m*5V»Ttt^ 1 Bfcfc9$J 100 /ig 20mg-T?foS k3%x.bflZ><, 



<£> scop (^«5t^>— K^^-rm-efc^o 

S 2 tt % SttST'fc5ft-;HfT!©Ri«4~ 7 O SCOP <DMl£%7Flr 
m~^hZ>o HldfeV^-C SC0P152 (C5)J3. HI 1 tlllT^to 

03tt, /Js^-r-^— MOSCOPO^Sr^llEl^fcSo fc*5 N SC0P#^^ 
/ -r— ^>#-^-^r 2 Lt^ LTV> So. 

HI 4 W\ SCOP 15 2 \Z.U* <D{£-&b&1B&Z-&1t'^ ZfV y YW.(D SCOP <DM 

Hl5te. Cyl-l, Cyl-2 f^S:^^^^^-^— ^^r^i"SI"efc ; 5o 

g7fi, SCOP 152 % SCOP 304 joiU 5 SCOP 402 GDjfiLffff -C<D^t4£<©f s W£rff 
0 8ft, SCOP 152 N SCOP 304*5 ± X$ SCOP 402 £>$BflS W</l'-T?<£>^&l£<£>fl L fffi 



^IIWJ-e^-r^'a'^O^X5gC>^#:0^tV^igi > 2^U> H-L-Ab7-0H 
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2-amino-7-bromoheptanoic acid ^ TAb7j k^ 2-amino-7-acetyltioheptanoic 
acid £r TAm7(Ac)j k-> 2-amino-7-mercaptoheptanioc acid £r TAm7j k^ sul 
fide of 2-amino-7-mercaptoheptanioc acid TAm7(-)j 2~amino-8. 9-dim 
ercapto (S 9 -2' -nitro-N, N' -dimethyl benzamide) £r TAm7 (Ell) J k . 2-amino-8, 
9-dimercapto-ll-hydroxyundecanoic acid rAm7(SMEt)j k^ 2-amino-8. 9-di 
mercapto (S 9 -2' -pyridyl) nonanoic acid £ rAm7(S2Py)j k^ 2-amino-8. 9-dim 
ercapto (S 9 -4* -pyridyl) nonanoic acid TAm7(S4Py)j k-, 2-amino-8, 9-dime 
rcaptodecanoic acid £ rAm7(SMe)j kHfrt. £-/i&ffc"64&"e*> 5 Sulfur- 

containing cyclic peptides &r TSCOPJ k $&VX^1r 0 
HJHM 1 • Boc-L-Ab7-0H <D&$, 

H-L-Ab7-0H (7.3 g, 32.4 mmol) &7K : ifOr^y-ls = 1 : 1 (30 ml, v 
/v) tR?^T(Boc) 2 0 (7.68 g, 35. 6 mmol) IkXf- V V z^^f-jVT ^ V (6 

.72 ml, 48. 6 mmol) 5 RfrrafltttUfco Ki£?£«re*8L 7\rV*T??5feV^ 

m?vV£^feU ^T8^fc»tt©*lB<fb-&4& (10.4 g, 32. 4 mmol, Jfc* 
100%) Sr^fco 

MMM 2 . Boc-L-Ab7-NHMe <D^i& 

Boc-L-Ab7-OH (326 mg, 1.0 mmol), Wfct S * ffVT ^ ^(81 mg, 1. 2 mmol) 
, HOBt • Hfl (184 mg, 1. 2 mmol) <D DMF (3 ml) SgfKKlzfcJ'frT'T? h V 

(0.17 ml, 1.2 mmol) S-t^DCC (247 mg, 1.2 mmol) &lNx.fc 0 15 l#|HJSI 
DMFSr«*U RSfct^WEJSaiU 10% ^^tR?^ 4% 

^77y^>>)*WPvh^7^- (3.6x15 cm, yan*;VA) 
1?I*«U ^-fVW ^ifi^-TVl' (1:10) «riP*.THibU efi»*©*IB 
>fb^^ (250 mg, 0.74 mmol, 74%) £r#fc 0 TLC: Rf = 0.58 (CHC1 3 / MeO 

H = 9 / 1) 
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HJ&W3. Boc-L-Am7(Ac)-NHMe (D^ffc 

Boc-Ab7-NHMe (125 mg, 0. 37 mmol) <D DMF (2 ml) V V 

J\ (64 mg, 0.56 mmol) ^it3HfW^fc 0 DMF«r«5fcU Ifflfc^^ 

fc*#u 10% ^^v^7K^^^fp^7K-eJiIl^:^U7c#. M g so 4 -e^ 

. SHI. ^/v / JFifcac— T As (1:10) SrJPS.-CH'fbU &&|&*c©*fBft; 
-8-^ (120mg, 0. 36 mmol, 97%) £r#fco TLC: Rf = 0. 57 (CHC1 S / MeOH = 

9/1) 

4 . Boc-L-Am7 (-) -NHMe SS dimer <D&i& 

Boc-Am7(Ac)-NHMe (60 mg, 0.18 mmol) (D DMF (0.5 ml) S~ /M4 

T^*r~T (20 eq.) 24 bfc. £fttt&Xttf&s StffcUfcSS 

dimer fe7?y*/aV!l % ? >V# W Y 4 - (1.5X30 cm, 1* ;* * / — 

/lx / ^odjJn/I/A) T?J|#fiU &-fe»5lc©«iafb^» (43 mg, 0.11 mmol, Ifc 
^ 61%) £#fc 0 HPLC^^fNfW> 8.5 min, HRMS (FAB, dithiodiethanol) , 579 
.3293 [M+H], 026^106^82(579.3250). 
MMW 5 . Boc-L-Am7 (S4Py) -NHMe (D^Wu 

Boc-Am7 (Ac) -NHMe (60 mg, 0. 18 mmol) <D DMF (0. 5 ml) 4, 4' -i^f-^T 

i?\?V (79 mg. 0.36 mmol) XW^y-^T^-r (20 eq. ) ^Px. 

57^f- (1. 5 X 30 cm, ^ n n *;V-A) JfetelfcifeSrff V\ «lBfc-a* 

(43 mg, 0.11 mmol, IR* 61%) 5r#fcio HPLCfiW$IHk 5.6 min, HRMS (FA 
B, dithiodiethanol), 400.1766 [M+H], C^O^Sa (400. 1729). 
UlS^iJ 6 . Boc-L-Ab7-0Bzl <D&& 

Boc-L-Ab7-0H (4.05 g, 12.5 mmol) £r DCM (20 ml) te*£fl?U ^"P^S? 
;kT;W3- ;V (1.55 ml, 15.0 mmol), 4-vM ^/V-T 5 J fc° !> (153 mg, 1.2 

5 mmol) ^.T^DCC (3.09 g, 15. 0 mmol) fcfoljfc 8 B#|RISI#&?Tofc 0 KJ«£r 

ftn^^fca^pu 10% ^^^m7K^> 4% mMfrM-t-hv *azk 
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m&RxfiMfa&&7k^mfc&ifr^fc 0 Mgso 4 T»&m&, mm, m^*-???^ 

^i/])Jjff;V?Xi^'ytf z 77 4— (5X20 cm, 20% ffi^^/V / T? 
)|f$£U mVWMzd.lk&yo (4.29 g, 10.4 mmol, 83%) £r#fc 0 TLC: Rf = 

0.49 (g^a^A- / — ^MJ-J' = 1/4) 
HI&0!1 7 . Boc-L-Ile- L-Pro-OBzl <D&}$ 

Boc-L-Pro-OH (1.08 g, 5.0 mmol) fc'O'vvK/n ^ K (0.893 ml, 75 mmol) 
t DMF (10 ml) f . 7!fC?^T"e h V ^/V-T ^ >- (10. 5 ml, 75 mmol) 
t?^&$ii:T, ^CfdBoc-L-Pro-0Bzl ^m^t UT#fc 0 rtl^T2N 
HC1 / v^^V (5 eq.) t?3 ^FW^^iirTs H-L-Pro-0Bzl • HC1 <Sr#fc 0 

Boc-L-Ile-OH • 1/2 Hj.0 (1. 39 g, 6.0 mmol), H-D-Pro-0Bzl • HC1 (956 mg, 4 
.0 mmol) IkXP HOBt -^0 (613 mg, 4.0 mmol) (D DMF (10 ml) ^^^tK^TI? 
DCC (1.24 g, 6.0 mmol) RXF h V ^ > (0.70 ml, 4. 0 mmol) &lM%.it 

o 8&?fflMW&, DMF£*feU ^f/H-^ilt, 10%^^^7K^> 4%^ 

^TKm^hy !>^7jc^^isfp^^TjiiH^i5fe#u7b 0 Mgso 4 T^^, mm 

, ?a^^r79s/i/^^y^y>V^n-r f^=>^>f— (4X30 cm, \%* # J —fr 
/ #xixi*;VJ») X-mm^ m$t(OMmfc&W (1.63 g, 3.38 mmol, Ifc^ 85% 

) £r#fc 0 TLC: Rf = (CHClg / MeOH = 9/1) 

HiSM 8 . Boc-D-Tyr (Me) -L-Ile-L-Pro-0Bzl (D'&tfL 

Boc-L-Ile-L-Pro-OBzl (1.63 g, 3.38 mmol) TFA (5 ml) zKJfr 

T30£mSmUfc o S^TmTFA^^*b, ^ffiTf£4tU H-L-Ile-L-Pro-0 

Bzl-TFA £#fc 0 rtb^TDMF (8 ml) Boc-D-Tyr (Me) -OH (1.50 g, 

5.07 mmol) ^PXL. J^TtK^T HBTU (1.92 g, 5.07 mmol), HOBt • H 2 0 (51 

8 mg, 3. 38 mmol) ~BlT$ V V ac^/V-T ^ V (2. 37 ml, 16. 9 mmol) StABx^ 3 

fcm-rh v v j*7kmmRrfmnikMfcxmft.mftvtc. 0 M g so 4 t?^;^. mm, 

^^^^"7 V i/ai/U*W ^9:7^ — (4X30 cm, 1%;* ^ / 
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/ ^ousfc/l^) -CffifjRU J»ft<Dm%&tt&& (1-44 g, 2.42 mmol 

, J&tf* 72%) £#fc 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
MMM 9 . Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0Bzl 

Boc-D-Tyr(Me)-L-Ile-L-Pro-OBzl (1. 44 g, 2. 42 mmol) Sr*^/— /l" (12 ml 
) fc*#U 5% Pd-C (150 nig) #^£T^M3S7cSrtTofCo 5 R£M«L Pd-CftfelK 
&«KfiU SlSSS*®*^ Boc-D-Tyr (Me) -L-Ile-L-Pro-OH • TFA &#fc 0 

Boc-L-Ab7-0Bzl (1.29 g, 3. 12 mmol) & TFA (10 ml) K^SWU tR^T 30 
^jSJftUfe. R«3l*TlftTFASr«*U «ffT$S!fcU H-L-Ab7-0H • TFA 
7cio rtU^DMF (16 ml) Boc-D-Tyr (Me) -L-Ile-L-Pro-OH (1.21 g, 

2.40 mmol) ^riPx., #V>T*J&T HBTU (1. 18 g, 3. 12 mmol), HOBt • RjO (368 
mg, 2. 40 mmol) RXF h V *&A/T 5 ^(1. 34 ml, 9. 6 mmol) £r;*JP?U 3 $$mWt 

v v&frw-m&xtmviz&fc^Mw^^fco Mgso 4 -e^m> mm. 

^**7?y^a'>P*Wn^b^57-f- (4X30 cm, 2%**J~/W? 
bb*M) -C*»«U 7*— A^O^IB^^ (1.20 g, 1.47 mmol, IR* 61 
%) £r#fc 0 TLC: Rf = (CHC1 3 / MeOH = 9 /1) 
MMM 1 0 . H-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-OH • TFA 

Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0Bzl (1. 20 g, 1.47 mmol) ^ 
(7.5 ml) K1»#U Pd-Cfl« (130 mg) Tn £S&3t5n<HTo7h (> 5 BSWSL Pd- 
C U Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0H 

0 £*b£r TFA (5 ml) K35#PU 30 frmm£\stc 0 = c - 

-rfr / (lao) &to%.xmitu uj±rm,mm-mm^m a 

70 mg, 1. 02 mmol, 69%) £r#fc 0 

HJS^J 1 1 . Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-L-Pro-) 

H-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0H • TFA (770 mg, 1.02 mmol), HATU (388 m 
g, 1. 53 mmol) DIEA (0. 71 ml) & 5 #§0 LT 30 DMF (1000 ml) 
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„ 10% ?^lsm*MWL, 4% NaHC0 3 &t^fB^:^Xjli&^U MgS0 4 
bfCo Hixf ;l,%f * L t^o fcjft Wl: 7 7 y JJ ^ P v 

(4X30 cm, TfJfiWRU AiR* 130 

mg (21%) £r#fc 0 HPLC fiyWKk 8.20 min., FAB-MS (dithiodiethanol), 593 
[M+H], (593.2). 

HJ£#!J 1 2 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pro-) <D&&. 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pro-) (25 mg, 0.042 mmol) <D DMF (0.5 m 
1) $&&\Z.^*ffiWi$ ]) VJ» (9.59 mg, 0.084 mmol) 3r7)nx.T 3 S$VKlRj&£lt 
f Co DMF £r^*U B^H^^/W-^ 9 10% ^^Tk^m, 4% NaHC0 3 S. 

gl^bT 19 mg (76%) (OmVtm^tCo HPLC $yfB#f^ 8.20 min., FAB-MS 
(dithiodiethanol), 589 [M+H], (589.3). 

HI£#!J13. Cyclo (-L-Am7(~) -D-Tyr (Me) -L-Ile-L-Pro-) (SS-dimer : SCOP 2 
96) <D-£-f& 

cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pro-) (19 mg, 0. 0322 mmol) 
fcDMF (2 ml) 83fcfc:iga*U * * -MiT i^=T (10 eq. ) Sr^**"C 
T-fe^/^^^bfCo ISj|E«*« DMF (2 ml) fcl»a»U 1 M I 2 (^9/—tl> 
) 0.04 ml ^n^T^fc&ffofCo fej&bfc SS dimer £ Sephadex LH-20 (DMF 

) MJptte^itttfc. a* 7.4 mg (42%) . hp 

LC flMWWk 14. 1 min., HRMS (FAB, dithiodiethanol), 1091.5648 [M+H], C 5 

(1091. 5674). 
HJfeftl 1 4 . Boc-L-Ile-DL-Pip-OBzl 

Boc-DL-Pip-OH (2.29 g, 10 mmol) ^y^P? K (1-79 ml, 15 mmol) 
££DMF (20 ml) ^Ml^f/vr?^ (2.1 ml, 15 mmol) ^E~Fl?^J&£i2: 
Ts ^DfcBoc-DL-Pip-DBzl &mWbb UT#fc 0 2 N HC1 / S?tf-$Mf 
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^(5 eq. ) -C 3 B£raR]&£i2:T. H- DL-Pip -OBzl • HC1 £r#fc 0 

Boc-L-Ile-OH • 1/2 1^0 (2. 47 g, 10. 7 nmol) , H-D-Pro-OBzl • HC1 (2. 28 g, 
8.9 mmol) S^HOBt • H 2 0 (1.36 mg, 8.9 mmol) <D DMF (20 ml) J&ffcfclSfCi'&T 
T? DCC (2. 20 g, 10. 7 mmol) h P J^A'T 5 ^ (1. 25 ml, 8. 9 mmol) 

fcfco 8l$ra£B£8L DMF<SrW*U BHt^/WcSft? U 10%? ^Wlfcmm, 
vmWffcM-T b y ^A7K^S.^fP*^K^HK^:^UfCo MgS0 4 

ft)6\ i»^77y^^^W ^ 1*^9 7 -f — (4X30 cm, 1%^^7 
—A- / ^pa^/l/A) -CftMb. tft^O^fB diastereomer 21-8^ (3.33 g, 7 
. 70 mmol, Jfca* 87%) &#fc 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
MMM 1 5 . Boc-D-Tyr (Me) -L-Ile-DL-Pip-OBzl <D-&J& 

Boc-L-Ile-DL-Pip-OBzl (3. 33 g, 7. 70 mmol) £r TFA (10 ml) IC^IU 
%}T $0 frmtfcmVtCo SJS3^T«TFASr«*U «BETl£*fcU H-L-Ile-DL-Pi 
p-0Bzl-TFA £r#fco r^btrDMF (16 ml) Boc-D-Tyr (Me) -OH (3.4 

1 g, 11.6 mmol) m^XTK^TmW (4.38 g, 11.6 mmol), HOBt • H 2 0 

(1.18 g, 7.70 mmol) RZf b V xf/UT ^ V(7. 01 ml, 50.1 mmol) 4rAP;t* 3 B£ 
IRMffifcLfc. £AaK£r&im. B*Bfe*?vvfci§#U 10 **3^»zMg»U 4%^ 

, 7*-i^t^77S'^^^W' 3 • !^ '^^7>f- (4X30 cm, 1%7< * 
/ — /V- / ^na^/^) T'lllSiL, ~7*— AJ^^IB diastereomer $a£4iJ (3 
.46 g, 5.67 mmol, 74%) Sr#fc. TLC: Rf = (CHC1 3 / MeOH =9/1) 

HJfrfcl 1 6 . Boc-D-Tyr (Me)-L-Ile-DL-Pip-L-Ab7-0Bzl <£>-8^ 

Boc-D-Tyr (Me) -L-Ile-DL-Pip-OBzl (3. 46 g, 7. 37 mmol) £r^*/— /V (30 m 
1) fc3£#U 5% Pd-C (230 mg) &&Tmi&M7U&ftofc 0 8 RftRHL Pd-Cftfejfc 
£3Eta& ^JC&^^rg^s Boc-D-Tyr (Me) -L-Ile-DL-Pip-0H Sr#fc 0 

Boc-L-Ab7-0Bzl (3.05 g, 3.12 mmol) £ TFA (5 ml) fcS&IU 30 ft 

IRl8c*Ufc 0 KJ&*rp&TFA«r#*U iffWU H-L-Ab7-0Bzl • TFA 
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fc„ i*L&DMF (16 ml) i*\ Boc-D-Tyr (Me)-L-Ile-DL-Pip-OH (2.80 g 

, 5.39mmol) %M:L, M^T^T HBTU (2.66 g, 7.01mmol), HOBt • H 2 0 (82 
5 mg, 5.39 mmol) RXf h V ^f^T ^ X(3. 02 ml, 21. 6 mmol) 3 ^fM 

7t -^5 r 77 ;/ c /a >>'y^Wn^b^7^- (4X30 cm, Z J 
~;V / ^nOJjtM) "C*t^b N 7^-— ^^O^IE diastereomer jft-^Hfe (4.0 
7 g, 4.91 mmol, J&sf* 91%) &r#fco TLC: Rf = (CHC1 3 / MeOH = 9/1) 
l 7 . H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H • TFA (D<£-J& 
Boc-D-Tyr (Me) -L-Ile-L-Pro-DL-Pip-OBzl (4.07 g, 4.91 mmol) J — As 

do mi) mtawu Pd-cmm (300 mg ) ^rm^M^n^ tc a smm&, p 

d-CttI«IL, SJSJfc&fNsSL Boc-D-Tyr (Me) -L-Ile-DL-Pip-0H &#fc 0 
£*vSr TFA (10 mL) Tik^T 30 SJtS?R*e*«. 

/ ^tftrc— ^/k (1:10) *Jq*."C@^fbU ^JBETfS^^fBdiastereom 
er JB^» (2. 60 g, 3. 51 mmol, JR* 72%) &#fJlo 

H»J18. Cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) $$£Tf- Cyclo (-L-Ab7- 

D- Tyr(Me)-L-Ile-D-Pip-)0^ 

i^7V7^f K H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H (1.28 g, 2.0 mmo 
1), HATU (1.14 g, 3.0 mmol) DIEA (1.0 ml) &5#§>JUT 30 DM 

F (1000 ml) SHfcSJ£Sr?Tofc 0 SJt&Jfc 

^vMcfctfU 10%^>-^zk^ N 4%^@l7K^^hy l7A7k*g?£K.tm*n£i£ 
fr^Mft.ffcfrl'fco MgS0 4 T?S£i&^ jftlNIs 7t^«77r>»^^^ 
/l^n-r h^:7>f — (4X30 cm, 2%*?S—/l' / ^op^) tiSL, C 
yclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) & 372 mg (61%, HPLC tfM$R£[f^ 8.94 
min., FAB-MS (dithiodiethanol), 607 [M+H], (607.2)), Cyclo (-L-Am7 (-) -D-T 
yr(Me)-L-Ile-D-Pip-)&238 mg (39%, HPLC fiyWBk 10.5 min., FAB-MS (di 
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thiodiethanol), 607 [M+H], (607.2)), Wtl7t-^itt#fco 
1 9 • Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pip-) <D&& 
cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) (130 mg, 0.21 nunol) <D DMF (1 ml) 
]) pi* (69 mg, 0. 315 mmol) 3 B^ffi^lS & i*:fco 

SJ««*«*U EJfcJSSr***, BHt^A'fc** U lOK^^BfcKi&ifcR 

ibt 109 mg (86%) ©tt«t*S:#fe. HPLC fiyfl^IRk 8.94 min., FAB-MS (di 
thiodiethanol), 603 [M+H], (603.3). 

Cyclo (-L-Am7(-) -D-Tyr (Me) -L-Ile-L-Pip-) (SS-dimer : SCOP 2 

98) <D&& 

cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pip-) (114 mg, 0. 198 mmol) <D * ? 
;-;V (0.5 ml) m&fc** S-?V®T'y*:~T (10 eq.) M$tT7"fef 

/^^^ufco mam*®, dmf (2 mi) k:»#u 1 m i 2 (^*y-/vo 0.25 

ml %Mx.Xmk%ft^fz.o SS dimer£r Sephadex LH-20 (DMF) id =7 

J*X~mWkVlt 0 *.ZMX.X&&&MkVXmi 0 HX* 82 mg (78%) „ HPLC fittt 
l#|Hk 11.6 min., HRMS (FAB, dithiodiethanol), 1063.5391 [M+H], C^H^A 
S 2 (1063. 5361) . 

MMM 2 1 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-D-Pip-) <D&J$ 

cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-D-Pip-) (240 mg, 0.40 mmol) <D DMF (0.5 m 
1) Btfcfc^&WtMX V ?A (69 mg, 0.60 mmol) 3 H^WKJEfc&iirfco 

«t^«^^Ufc^^^4r¥l8l»3Kl-*C160 ing (66%) ©»JR«J*»fe 
0 HPLC flyWWk 10.5 min., FAB-MS (dithiodiethanol), 603 [M+H], (603.3) 

• 

Cyclo (-L-Am7(~) -D-Tyr (Me) -L-Ile-D-Pip-) (SS-dimer : SCOP 3 



WO 03/070754 




PCT/JP03/01859 



-32- 

00) 

cyclo(-L-Am7(Ac)-D-Tyx(Me)-L-Ile-D-Pip-) (160 mg, 0.27 mmol) <D DMF (1 
0 ml) ^^^/-/M^TV^T (10 eq.) SrffUl §*TTtf;Hlrli4 
UfCo ffl&m&& DMF (2 ml) fcl^U 1 M I 2 (a^y— /U) 0.31 ml S^Px. 
■CMMfcSrfrofc. £M\^fc SS dimer^r Sephadex LH-20 (DMF) X 9 J^X^mis 
*l 0 7KS:JP^"Ce4»*ibT#*:o 4Xi 54 mg (36%), HPLC fit&ftlHk 13.4 
min., HRMS (FAB, dithiodiethanol), 1119.5939 [M+H], CggH^A^ (H 19 - 59 
86). 

MMM 2 3 . Boc-L-Ile-D-Pro-OBzl <D&J& 

Boc-D-Pro-OH (17.2 g, 80 mmol) ^^S^/l^n ^ K (14.3 ml, 120 mmol) 
t DMF (160 ml) ^^T-C h JJ zs^f-^T 5 > (16. 8 ml, 120 mmol) #£bT 
-eS^$^> Boc-D-Pro-OBzl %ffi$M>k LT#fco -fr£r 2 N HC1 / ^^i7* 
^ (5 eq.) T?3 R#fBS*&£iirT N H-D-Pro-OBzl • HC1 £#fc 0 

Boc-L-Ile-OH • 1/2 H 2 0 (24.0 g, 100 mmol), H-D-Pro-0Bzl • HC1 (19.3 g, 8 
0 mmol) IkX^ HOBt • H 2 0 (15.3 g, 100 mmol) DMF (200 ml) *g^£zf<^T~e 
DCC (8.3 g, 30 mmol) RTF h V ^f-;VT 5: > (3.5 ml, 25 mmol) fc&Pfcfco 8 

m?km^hv^^mmRx^^±m^xm^m^vt^o iigso 4 ««i 

„ i)R«l*7 9s'VaVy UtfWw Ytfy?>{— (4X30 cm, \%* 9 S —As 
/ ^oa^A) till, mVi<DMmfc&i® (21.5 g, 51 mmol, 72%) 
£r#fc„ TLC: Rf = (CHC1 3 / MeOH = 9/1) 
Hi£#!l 2 4 . Boc-D-Tyr (Me) -L-Ile-D-Pro-OBzl <D^& 

Boc-L-Ile-D-Pro-OBzl (21.5 g, 51. 4 mmol) £r TFA (50 ml) tR?^ 
Tl^^SUfdo £jE&J&T«TFA«r«*U «ffi~FI&RU H-L-Ile-D-Pro-OB 
zl-TFA $r#fco ^tb^rDMF (100 ml) Boc-D-Tyr (Me) -OH (16.7 g 

, 56. 5 mmol) £r;tfP;i N M^XyktftT HBTU (29.4 g, 77 mmol), HOBt • 1^0 (7.8 
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7 g, 51 mmol) hV x.'T'A'T K ^ (25.2 ml, 180 mmol) tr^P*^ 3 

m-thv vj*7mmRxfimQ±M?k^MWfc&i'-fco ugso 4 -ef&m&, mm. y 

* — A^79 y Va'>!J * W (4X30 cm, 1%^^7~ 

7 V / ^ntf^A-A) 1?»3KU :7*— .Mfc©SI1Bfl5-£ft (22.0 g, 37 mmol, i& 
^ 72%) £r#7c 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
MMM 2 5 . Boc-L-Ab6-0Tmse <D&)& 

Boc-L-Ab6-0H (620 mg, 2. 0 mmol) t h V * T'fi'P'V S -/K0. 572 ml, 

4.0 mmol) h DCM (6 ml) 4-^ Tvl'T 5 J t? !> ^ (24. 4 mg, 0.2 mm 

ol) #^T6^m#bfc 0 ^»»fi^ Mfci^lWU 10%^ 

afoKS^> 4%^BbK5S^-f y v &7km&RXFmQ&&&x»mfc$oft^fro m s so 4 

-e^=^s »l»77S'Vav'!J*Wavf^7-f- (4X30 cm 

, 10% %m^A> / » t?h*54u mwmu^m (820 mg , 1.62 m 

mol, 81%) £r#fc e TLC: Rf = 0.97 (CHC1 3 / MeOH = 9/1) 

Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0Tmse (D^$L 
Boc-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.01 g, 1.70 mmol) &*9J—As (20 ml 
) |C«»U 5% Pd-C (150 mg) ft&TmmM7n%ftotc a 8 mffl®.. Pd-C«j& 
SrittiiU. KJ&««t«*«n Boc-D-Tyr(Me)-L-Ile-D-Pro-0H Sr#fc 0 

Boc-L-Ab6-0Tmse (1.51 g, 3.0 mmol) £ TFA (5 ml) (CftffiU *^&T 30 # 
MStfiLfco ^JfcT#RJfc?fcSr«*U «JET«a»U, H-L-Am6-0Tmse • TFA 
£r#fc e i^DMF (3.5 ml) ?mT^4##JUfcBocHD--Tyr(Me)- 
L-Ile-D-Pro-OH (819 mg, 1.62 mmol), HATU (776 mg, 2.0 mmol) b V ^ 

(0.24 ml, 1.7 mmol) St^P^U 3B£W8i#Ufco SJEStt&aHi&tU 

mk^f-A^vimm^ m^^wt^met. 4%mm^m-rhv 
m±mjk^m$$mviz 0 m^ugso^nm^. mm. 7t-^»77>r> 

a'>5*-y/l'^ti^b^77^- (4X30 cm, 1%^ ^ / — ;V / ^OP*M) 



WO 03/070754 




■34- 

"ClMtU mmtt.&V>> (888 mg, 1.09 mmol, Ifc* 64%) £#fc 0 TLC: Rf = (CH 
Cl 3 / MeOH = 9/1) 

H2&#!12 7. Bo c-L-Ab 7-D-Tyr (Me) -L-Ile-D-Pro-OBzl <D&& 

Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1.19 g, 2. 0 mmol) 3: TFA (5 ml) fcMM 
U 7jC^T30^W^cebfCo S^TmTFA^r^U 2teTS££IU H-D-Tyr 
(Me)-L-Ile-D-Pro-OBzl • TFA £r#fc: 0 rfr&DMF (4.0 ml) Boc- 
L-Ab7-0H (652 mg, 2.0 mmol) J^TtIC^T HBTU (1.14 g, 3.0 mmol) 

, HOBt • Rfi (306 mg, 2. 0 mmol) RXf h V ^^~;VT ^> (1. 4 ml, 10 mmol) £r 

mm, wmmm-Tyv ^ ^Tmmwmm^m^xmmcW^o Mgso 4 -c*$£ 
mk, mm. ^x—^m^^v^^yx^tvtxi^Yyvyj-- (4x30 

cm, 2%*?S— ;v / ^nn*/W») "e*t^b % 7 Or — A^^IRfB-ffc-^ (1.51 
g, 1. 89 mmol, IR* 94%) £r#7c 0 HPLC #S:#il#fa, 9. 15 min. 
HJ&01I2 8. Boc-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0Bzl <£>^£fc 

Boc-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.19 g, 2. 0 mmol) & TFA (5 ml) 
U 7fC^T30^ra^ffibfc o KJSI*T«TFASrS*U fcftBETf£*U H-D-Tyr 
(Me)-L-Ile-D-Pro-OBzl • TFA £r#fc 0 DMF (4.0 ml) Kl$g$?£li\ Boc-L- 

Ab8-0H (676 mg, 2.0 mmol) ^V^TtIc^T HBTU (1.14 g, 3.0 mmol), 

HOBt • HjjO (306 mg, 2. 0 mmol) RX$ h V ^-f-ft'T ^> (1.4 ml, 10 mmol) £7)11 

7t-At^77y^v'!J^Wo-7f^77>f- (4X30 cm 
, 2%t«^7— ?V / ^nn/JvWx) -7*— ±&<DmWC&to (1.44 g, 

1. 76 mmol, Ifc^ 88%) £r#fc 0 HPLC fly$R$IHk 10. 9 min. 

2 9 . Boc-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-OBzl 
Boc-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.19 g, 2. 0 mmol) TFA (5 ml) 
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U 7K^T30^^gU7c o S^3»T«TFASr«*U »EET*fc*U H-D-Tyr 
(Me)-L-Ile-D-Pro-OBzl • TFA 2r#fc 0 -H^T DMF (4.0 ml) fcigflp*^ Boc- 
L-Ab9-0H (775 mg, 2.2 mmol) SrJP^ ^V^T^THBTU (1.14 g, 3.0 mnol) 
, HOBt • H 2 0 (306 mg, 2. 0 mmol) RX$ h V ^f-AsT ^ ^(1. 4 ml, 10 mmol) £r 

tik&. 7t-A»77r^i/!J*Wo-7f^77>f- (4X30 

cm, 2%* ? J - — As / 9 n n tiSU, 7^- — ^(DWBW&Vfo (1. 31 

g, 1. 58 mmol, JR* 79%) Sr#fc 0 HPLC filtttirlHk 11. 7min. 

3 0 . H-D-Tyr (Me) -L-Ile-D-Pro-L-Ab6-0H • TFA (D&$L 
Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0Tmse (888 mg, 1. 11 mmol) %szz.$ J — ;V 
(10 ml) tK^TT? 3 ftm Lfc 1 N NaOHTK^ (1.32 ml, 1.33 mmol 

^WfP^TK-eJlI^C^UTcio MgS0 4 -e^^. »«SU Boc-D-Tyr(Me)-L-I 
le-D-Pro-L-Ab6-0H Sr#fc 0 TFA (5 ml) tR^T 30 #|HJife1t 

Lfc 0 HffiTttflfeU ^©ailBffc'&tt (778 mg, 1.07 mmol, 

i^m 96%) £r#fc 0 
HJS^J 3 1 . H-L-Ab7-D-Tyr (Me)-L-Ile-D-Pro-OH • TFA <D&$L 

Boc- L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.51 g, 1. 89 mmol) $rp«^y> — As 
(5 ml) KmmV, 5% Pd-C (150 mg) ##T^$tft7G£?Tofe: 0 5 1$^. Pd- 
C^Sr^aSU KJ5£3fc«rS*fK Boc-L-Ab7-D-Tyr (Me)-L-Ile-D-Pro-OH ^r#7c 
. n*b& TFA (5 ml) |C»*U MT30^fttLfco SJfc* 3£ 
JETffcflfeU »*t©ailBft;^fe (1.15mg, 1.84 mmol, JR* 97%) &#fc 0 
3 2 . H-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-0H • TFA <D&fo 
Boc-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1. 44 g, 1. 76 mmol) &*9S—As 
(5 ml) U 5% Pd-C (150 mg) ##Tg$*3t7U&frofc 0 5 RfflQfK Pd-C 
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ftttfcHtall^ SJfr^&W*^ Boc-L-Ab8-D-TyT(Me)-L-Ile-D-Pro-OH^r#7b 

o tfa (5 mi) \mmv, yktftr 30 frmmmvtco BLmmzmix^ m 

JETffc^U ^(Dmw&^m (1. 15 mg, 1.84 mmol, W 97%) £#;fco 
mt&M 3 3 . H-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-OH • TFA (D&$, 

Boc-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1. 31 g, 1. 58 mmol) £r^/ — JfV 
(2 ml) 5% Pd-C (150 mg) ##T^®tfS7c£r*Tofc 0 12 Pd- 

Cfl^&MBfiU Boc-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0H^r#fc 
o ^*L&r TFA (5 ml) |t»»U tK^T 30 ^WJfeft Ufc e SJ&$K«r«*«* ^ 

-?vw ^ift^-^/v- (i:io) &Mz.xmfcu mmrmMm^mm^t^m o 

05 mg, 1. 42 mmol, JgftK 90%) £r#fc e 

3 4 . Cyclo (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) (D^]& 
H-D-Tyr (Me)-L-Ile-D-Pro-L-Ab6-0H • TFA (778 mg, 1.07 mmol), HATU (616 m 
g, 1.62 mmol) RTF DIEA (0.75 ml) *5^«Lt 30 DMF (110 ml) \Z. 

10% * 4% NaHC0 3N *5«fct*fe&7fcT??5fcl\ MgS0 4 -effcjRUfco fcl&m*: 

XffifflU fiffll^^/HCiftj^U 10%^^*$^ 4%^^7K^hy ^AtK^ 
^tWft5ft*ifc*C-T?l|»S:^U*:. MgS0 4 T*f£$|#, 7t-AW^77 
y^ai/!J^Wo-7b^7 7^- (4X30 cm, 1%^ * / — A' / ^nn*/V 
A) TfJfiKKU ^•felftjR'fe 146 mg (23%) £#fc e HPLC fiy#R£|W % 9.06 min. , 
HRMS (FAB, dithiodiethanol), 579.2197 [M+H], C 27 H 41 0 6 N 4 79 Br (579.2182). 

*fc, :©| Ab6 CO^tW Br ^g^bT^bfc HOAt adduct 
^^h^^^^-K, cyclo (-L-A (OAt) 6-D-Tyr (Me) -L-Ile-D-Pro-) 167 mg (27%) 
§r!7^-' — J* h LT^fco HPLC flMWIRk 8. 16 min., HRMS (FAB, dithiodiethan 
ol), 635. 3312 [M+H], C^OA (635. 3306) . 
MM&l 3 5 . Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-D-Pro-) 

H~L-Ab7-D-Tyr (Me)-L-Ile-D-Pro-OH • TFA (1.15 g, 1.84 mmol), HATU (1.05 
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g, 2. 76 mmol) RT$ DIEA (1. 28 ml) £r 5 jfrW LT 30 £^t- DMF (180 ml) 

mz.x, aifl^jtssr^Tofco ±tmm^mm^x 700 mg (64%) ©7*— 

fc 0 HPLC 9. 90 min. , HRMS (FAB, dithiodiethanol) , 593.2300 [M+H 

], C^OgN/'Br (593.2339). 

MMm3 6. Cyclo(-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-) <D&& 

H-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0H • TFA (512 mg, 0.80 mmol), HATU (455 m 
g, 1.20 mmol) RXf DIEA (0.56 ml) Sr5#§HbT3 0##Kl DMF (80 ml) \Z. 

mux, mtBLfo&ft^fco 2mM&. sjfcasfcWKu mm^M^mm^ 

77^ — (4X30 cm, 1%^^— /^ / ^nn*M) T?8!fiRU 267 mg (55%) O 
A^#fe 0 HPLC ^^NfKs 9.95 min., HRMS (FAB, dithiodiethanol), 6 
07.2501 [M+H], C 29 H 44 0 5 N 4 79 Br (607.2495). 

H;!&#il3 7. Cyclo(-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-) <D&f& 

H-L-Ab9-D-Tyr (Me)-L-Ile-D-Pro-OH • TFA (905 mg, 1.41 mmol), HATU (833 m 
g, 2.12 mmol) RXf DIEA (0.64 ml) £r5#frJL.-C 30 DMF (150 ml) K 

J — (4X30 cm, 1%7<*V — / ^PP*/K£0 tiHl, 533 mg (61%) <D 
7*-&%:^ti 0 HPLC fiy$R$|RK 10.9 min., HRMS (FAB, dithiodiethanol), 6 
21.2625 [M+H], C so H 46 0,N 4 7B Br (621.2652). 

3 8 . Cyclo (-L-Am6 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) (D&$L 
cyclo(-L-Ab6-D-Tyr(Me)-L-Ile-D-Pro-) (146 mg, 0. 252 mmol) <0 DMF (0.5 
ml) W$\^*5-lr&W.-% V (57.6mg, 0. 504 mmol) ^JpiT 3^S^^^ 

1t a SJ&««r*5llttK H^^/W^&U lOK^V^^&tff&fP&fcfc 
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^T;V^¥liIbt 114 mg (79%) HPLC ^Mf^Ws 9.06 mi 

n., HRMS (FAB, dithiodiethanol) , 575. 2879 [M+H] , C^O^S (575.2903). 
MMM 3 9 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) (D&]& . 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-) (133 mg, 0. 226 mmol) <D DMF (0.5 
ml) ttWftStXV (52 mg, 0.452 mmol) 3 I*|WR|S** 

T118 mg (89%) <DmttQ0&&1t o HPLC fi&r&INK 9.90 min. , HRMS (FAB, dit 

hiodiethanol), 589.3605 [M+H], C^O^S (589.3060). 

MMffl 4 0 . Cyclo (-L-Am8 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <D^f& 

cyclo (-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-) (267 mg, 0.439 mmol) <D DMF (1 ml 
) WifcK- f-ttntttlV (100 mg, 0.878 mmol) &MZ.X 3 

mftfofrVTc* MgS0 4 T-|fc#m. MIU 4^Lfcf^^T;vSr»iS?UT 
222 mg (84%) O?ft^^r#fc 0 HPLC fiyWKk 9. 95 min. , HRMS (FAB, dithio 
diethanol), 603.3244 [M+H], C 31 H 47 0 6 N 4 S (603.3216). 
HJfSM 4 1 . Cyclo (-L-Am9 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) (D&fc 

cyclo (-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-) (250 mg, 0. 402 mmol) (D DMF (0.5 
ml) $®fc\Z.^$r%$Wt# V (91.4 mg, 0.804 mmol) 3 V&\SH&U&'£lt 

it 0 zLf&m : tmm&. mm^Mttmi^ 10%^ ^m^mmRx^mm^m^ 

X 190 mg (77%) <Dmkm*^1Z 0 HPLC tfc#B£P^ 10. 9 min. , HRMS (FAB, dit 
hiodiethanol), 617.3364 [M+H], C^O^S (617.3373). 

HJ&M4 2. Cyclo (-L-Am6(-) -D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 
2) 
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cyclo(-L-Am6(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (114 mg, 0. 198 mmol) <D*#J 
—?V (0.5 ml) 9 J '—A&T-y*:~T (10 eq. ) M^fTTtf/V 

m*m=&^t'o mam*®, dmf (2 mi) fc»a»u 1 m i 2 i^fs—M 0.2 mi 

&%QZ-Xmk& ft otc e SS dimer & Sephadex LH-20 (DMF) 

-e»jSLfco TK^PX-Tfi-fe^^ HX* 82 mg (78%) . HPLC 

Hfk 11. 6 min. , HRMS (FAB, dithiodiethanol) , 1063.5391 [M+H], C s fl n 0 l Ji£ 2 
(1063. 5361). 

H»J4 3. Cyclo(-L-Am7(-)-D-Tyr(Me)-L-Ile-D-Pro-) SS dimer (SCOP 304 
) 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (118 mg, 0. 201 mmol) <D*9J 
—>V (0.5 ml) mmfr**;— /V^T^^^T^:iPm^XT±^/^^^V 
N l M I 2 (^y~/p) ^^T^;w7^ Ky^SSrSMbU *&»LT SS 

dimmer £ 6fe&&7fc£ UT#fc 0 flX* 98 mg (89%) „ HPLC ###B#f^ 12.3 min., 
HRMS (FAB, dithiodiethanol), 1091.5684 [M+H], C 66 H 83 0 10 N 8 S 2 (1091.5674). 

Cyclo(-L-Am8(-)-D-Tyr(Me)-L-Ile-D-Pro-) SS dimer (SCOP 30 

6) <D&& 

cyclo(-L-Am8(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (222 mg, 0. 368 mmol) <D*#S 

(o.5mi) mm^*? ;—;v-\&Ti/*~T%fcm&-&xT j k^\'m&m : £v 

% 1 M I 2 (^/~ M &tozLX3fc%8iX/i>''7 j Ky;H^ftU ^MUTSS 
dimer &&&ffijfcb LT#7c:„ ifcA 167 mg (81%) 0 HPLC ^^F^ 13.0 min., 
HRMS (FAB, dithiodiethanol), 1119.5961 [M+H], C^O^S,, (1119. 5987) . 

Cyclo (-L-Am9(-)-D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 

8) <D&J& 

cyclo(-L-Am9(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (95 mg, 0. 154 mmol) (D*?J 

—jv (o.5mi) mm^tzs— /is&T^^T&ftmzitxT-t^m&i&isv 
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dimer ^S^iUffc. 4ftK 84 mg (98%) „ HPLC fiyWIRK 14.2 min., 
HRMS (FAB, dithiodiethanol) , 1147.6307 [M+H], CgoHg^oNsS., (1147. 6300) . 
MMffl4 6. Cyclo(-L-Am7(SMEt)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 404)O-8-£fc 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (270 mg, 0.45 mmol) <D DMF (0 
.5 ml) /MS-TV^r-T (10 eq.) ^^$ttrtf/I/SSri 

*U TX^=T&e*gK 2-^/V^^b^^/— /l^ (10 eq.) *AP^ 1 M I 2 
(cc>5ry— /V) 0.2 ml fctmjfcT^ffcSrfTofco £/&bfc SS hybrid £r Sephade 
x LH-20 (DMF) ^77^T'|SMU, Wtfgf£«SrfTV\ *lBfc^& L/T 
#7t 0 flRft 30 mg (11 %) 0 HPLC fiy$l$Kk 8.9 min., HRMS (FAB, dithiodieth 
anol), 622.2877 [M], Cy^O^ (622. 2859) . 

MMffl 4 7 . Cyclo(-L-Am7(S2Py)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 401) 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (40 mg, 0. 07 mmol) <D DMF (1 
ml) m&K2,2'-i?^*\?}) W (31 mg, 0. 14 mmol) R Xfi* * / — >^ 
~T (10 eq.) ^PX., 8B3Mf#Lfc„ Sl£3fc&«M)&gL l&»77^^ 
^y^Wnvb^77^f- (4X30 cm, 1 %7 ^ 7 — /V / ^ n n T* 
JfiHKU m^t^^mco Ifc* 15 mg (38%) „ HPLC 9.6 min., HR 

MS (FAB, dithiodiethanol), 656.2952 [M+H], C 33 H 4B 0 5 N 5 S 2 (656.2940). 
0UI0»J4 8. Cyclo(-L-Am7(S4Py)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 402)£><8-/£ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (100 mg, 0. 17 mmol) (D DMF (1 
ml) 4, 4' t? y S?^ (75 mg, 0. 34 mmol) _&.TJ?^ ^ / — V 

(20 eq.) &#R;L, 8l*IWSWbfc. RJ&m&mffi&. »ft»*7?y*/ 
a^^WP"7V^77>f- (4X30 cm, \ %/> # S —As / ^PO*;VA) 
TfflfiKU «HBfl2-^fe^#fe. JiKJft 13 mg (13%) 0 HPLC fiyWRfl, 6.5 min., H 
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RMS (FAB, dithiodiethanol), 656.2934 [M+H], C 33 H 45 0 5 N 5 S 2 (656.2940). 
HJ£#>J4 9. Cyclo(-L-Am7(SEll)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 403) 

5, 5* * {2-=. hn^yf) (515 mg, 1.4 mmol) <D DMF (2.8 mL) 
tR^T^^ fflsT 5: V (343 mg, 3.0 mmol), DCC (867 mg, 3.0 mmol) 
,K.7J?H0Bt -^0 (214 mg, 1.4 mmol) ^P^L, 8^W^#Ufc„ ^&WT%MJ$M 

sfebfco ISI^i, 79S'^a^y^^P^b^77>f- (4X30 cm, 1% 
/ —/V / ^ P * -Ctt54 U 5, 5' -i?^* If* ( 2 b ta -<if 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (130 mg, 0. 22 mmol) CO DMF (2 
ml) $g?£U: 5, 5' -v?^^- If * ( 2 -= h n ^ f/VT 5: K) (198 mg, 0. 

44 mmol) RX$* * J —AJ&Tl/*~T (10 eq. ) Sr^Px., 6 B^^f #b7h 0 S 
JtSSKSrai^N ^4C0DMF^^U. HPLC (column : YMC-Pack 0DS-A 10X250 
mm) T?J*KU IKSBflfrS^Sr^fc. IR* 13 mg (9.3%) 0 HPLC 4fc#£B#f^ 9.5 mi 
n., HRMS (FAB, dithiodiethanol), 771.3201 [M+H], C 37 H 50 0 8 N 6 S 2 (771.3210). 
HJS^iJ 5 0 . Cyclo (-L-Am7 (SMe) -D-Tyr (Me) -L-Ile-D-Pro-) (SCOP405) <D&f& 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-) (118 mg, 0.2 mmol) <D DMF (1 ml) 
Mffcfc 4-methoxybenzylmercaptan (0.056 ml, 0.4 mmol) 3o h V ^f/VT 
^ (0.07 ml, 0.5 mmol) MUX 2 mfRR&£lt1t 0 £MVlt eye 

lo (-L-Am7 (Mb) -D-Tyr (Me) -L-Ile-D-Pro-) ^Wt^f-^XtHm L N ffif$t Ufc^ 
^y— (18 ml) Dimethyl (methyl thio) sulfonium tetrafluoroborate (0 

.9 mmol, 176 mg) MUX 2 W$!QRJ&£'&i£* KJt£3fc«:$6S&U fxiufrsV 
-Mc*g$?U isV %#A'9w Yy 3 ??^— (2X25 cm, 2% )V/ ? xi 

xH£;VK) xmmV, B^^^r#fc 0 Ifc* 69 mg (65%) . TLC Rf: 0.90 (CHC1 3 
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/ MeOH = 19 / 1) 0 HPLC #^^59. 12.28 min. HR-FAB+ MS: 593.2777 (calcd. 
: 592.2753, composition: C^H^O^S^ matrix: 2, 2' -ditihidiethanol) 0 

mmw 51. HDA« m&m&<om%. 

Sulfur-containing cyclic peptides (SCOP) <DWt(D— 1 ~ 4 \^To 35 
HDAC Ifl^rCfcS m 5 ^^-r J; 5 ft Cyl-l, Cyl-2 (Furumai et al. (2001 
) Proc. Natl. Acad. Sci. USA, 98, 87-92.) 4r5£fcai!R^ b K*I5£<£> 

Cyl-l, Cyl-2 ttitflca ~> a >-#S LDLL ^"Cfe 5 ^> LDLD <D 

o 

HDAC |&W8H£83J£S:fT ^©SflHDAC^&iWKUfco 10 

Omm^s/i/aiaxi 0 7 fi©29 3 TiNBJISS:* £\ 2 4«l-t b HDAC 
1, 4^fcfi-^^^HDAC6^r^^.i-S^<^^— (lju g) & LipofectAmine 2000 
reagent (Life Technologies, Inc. Gaithersburg, MD) £r^V^T b 7 :7;c 
^^3^Lfc„ -LIS t h HDAC1 $ — f3: p cDNA3— HD 1 (Ya 

ng, W. M. , Yao, Y. L. , Sun, J. M. , Davie, J. R. & Seto, E. (1997) J. Bio 
1. Chem. 272, 28001-28007.) N t fHDAC4M^^ttp cDNA3. 
1 (+) — HD 4 (Fischle, W. , Emiliani, S. , Hendzel, M. J., Nagase, T. , 
Nomura, N. , Voelter, W. & Verdin, E. (1999) J. Biol. Chem. 274, 11713-1 
1720.) N v^HDACeM^^-ftp cDNA-mHDA2/HDAC 
6 (Verdel, A. & Khochbin, S. (1999) J. Biol. Chem. 274, 2440-2445. ) & 
JBVyfco O P T I -MEMtfJ"? 5 I^IH^^ 0 Dulbecco'sm 

odified Eagle' s medium (DM EM) fcigtfc-Sr^&UT 19 B#Ff^ V^r^^<— b 
bfc„ JSTOSrPBS -Cgfcofc^ lysis buffer (5 OmM Tr i s -HC 1 (p 
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H7. 5), 12 0mMNaCl, 5 mM ED T A, 0. 5% Nonide 
t P-4 0) tel!K»U y^-Va^Ufc. Jt^SrSS^IIIfciD^fe^ Pro 
teinA/G plus agarose beads (Santa Cruz Biotechnologies, Inc. ) £rfl3V^"C N 
%-Sfcg i &)?^/<?$:^tCo -e^s HD AC 1 > HDAC4^M^*fc» 
_L?fMte\ ant i-FLAG M2^f (Sigma-Aldrich Inc.) HD 
AC6£^m£i£fcMJi}jtfU3:a n t i -HAftfr (clone 3F10, Roche Mole 
cular Biochemicals) Srifl^T 4«C"e 1 ^fIWSJK$^o rtU^T^fn — * If — 
X&j&B T 4 °Ct? 1 ^ffiSiS £ lysis buffer •er^fn—^fcT— 3 
|UguV\ HD buffer (2 OmM T r i s -HC 1 (pH8. 0), 1 5 0 mM 
NaC 1, 1 0 % if V "fe t 3 — A*, a complete protease inhibitor cocktail (B 
oehringer Mannheim, Germany) ) "C— IH$5fc-ofc 0 HD buffer ( 2 0 0 /z 1 ) "f» 
FLAG^f K (40/ig) (Sigma-Aldrich Inc. ) ^fcfSHA^:^ F ( 1 
00m g) -C4°C, 1 £fm^ V"**'*— h LTT^n-^ 

Ol^iLTJIg 1 OmMi: Lts r^PJ.*^J^^^ bfc G l^yfp 
LTHDACiiE^Ji: LTTfcl&JiVCl^S b !> a^^A (TS A) 
^DMSOMUt, Ml 0mM©M^Itfco MJfetttf«MtaMfe* 
feftayfa- /VOTSA#£T. ±13HDAC^£ [ 3 H] -C^UfcTi?^ 

/Hbt^ b^w^^3 7°c-ei 5#Pfl-r b-rs^^^ffofc (h 

i o 0/t i ) o i o /i i ohc i ^r^nbTJhfe, 9 

m&tife c 3 h] p^^^^/^ttmuT^^^^bfcio ?fe*5. ^ 

Ji, y Vv— /HC*5^5HDAC^-|4<^5 0%P1^^( TIC50 (nM) J ) 

T^UTh (^1~4) 0 
£fc. ii7 Ki>o^)HDACP2§^'14^p21 ^n^E— ^^^^^Oal 
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WfflL&l&fc^- (Dr. B. Vogelstaein) ^m^WVtc.mm'VhV . 10 
%FBS Srt8feDPUfc7*y— /VVy K^DMEM*&*Sr^V\ 37°C, 5%~iMfc^# 

85000 fi/well ©JHWiag&^-e 9 e^^T'WM^ilL, #well Hi 
fc 9 JifB^Jg* 99 fi 1 6 f$RQ&$l bfc^ 1 m 1 SrSStHl b 

N l8^W**U^to *7t, ^r*ct>TSA«rHDAC|a*JSH4»!:jBHi- 

Luc Lite (Packard BioScsience Company) &|gV\ JfiB]&rtfc:3££b-CV , *5/V' 

^•rNP©*S( TEC50 (nM) J ) SrJBVvCJfcifcLfc (^1~4) 0 
X = Htfc5„ (DTT*#) 
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SCOP No 


HDAC1 


IC50 (nM) 
HDAC4 


HDAC6 


P21 

EC50 (nM) Ulit 


mm 


1 4ft 


81 4 


1 7 ft 


> SO 0000 


6720 


Cyll(LDLL) 


C5 




9 **7 


R 99 


44^00 


596 


Cyl2(LDLL) 


C5 








5560 


504 


Cyl2(LDLD) 


C5 


l ^1 






28500 


> 100000 


Cyll(LDLD) 


C4 


152 


4.60 


2.06 


1400 


309 


Cyll(LDLD) 


C5 


153 


9.13 


91.0 


8050 


9850 


Cyll(LDLD) 


C6 


154 


38.1 


99.2 


2470 


31400 


Cyll(LDLD) 


C7 



„ ^£>5 LDLL#£9 t> LDLD J; ij jg^iSffi < 

^2 
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IC50 (nM) 




P21 ^n^-^- 




SCOP No. 


HDAC1 


HDAC4 


HDACo 


FC50 (nM) 

UV^OV/ \J11V1/ 


mm ^ 


^yo 


i Do 


ooo 


? OUUUUU 


7730 


Cyll(LDLL) 


C5 


Z\)o 


1 1 A 
1 14 


OO. / 


A 1 OAAA 


5800 


Cyl2(LDLL) 


C5 




£ 1 1 




OCCAHA 


7370 


Cyl2(LDLD) 


C5 




79nn 




/ ouuuuu 


> 100000 


Cyll(LDLD) 


C4 


304 


142 


145 


> 500000 


341 


Cyll(LDLD) 


C5 


306 


153 


319 


1320000 


847100000 


Cyll(LDLD) 


C6 


308 


983 


505 


745000 


235000 


Cyll(LDLD) 


C7 



LDLL#£ 5 LDLD fr<Djjt>mm&X\ Jgtt2£T?*>S^-A^36*-CO|R*«l* 

^3 

x = fefrz-fc&m N^y * k) 
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P21 








IC50 (nM) 








SCOP No. 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


mm 


401 


NT 


NT 


NT 


1360 


152 + 2-Pyridine 


402 


6.76 


68.3 


1 61 0 


1310 


152 + 4 -Pyridine 


403 


21.5 


18.9 


6080 


1 800 1 52 + Blman's reajent 


404 


217 


355 


201000 


1 360 1 52 + mercaptoethanol 


405 


119 


405 


191 


3260 1 52 + methylmercaptane 


401/DTT 


NT 


NT 


NT 


815 




402/ DTT 


0.553 


1.12 


2010 


470 




403/DTT 


1.15 


1.53 


4730 


748 




404/ DTT 


2.44 


13.0 


15400 


754 














(NTli.^-XhLT 


SCOP 1 5 2 t fefr+fc&VO t <D hybrid faT? h r. t £ fl 
















—?v (TSA) 












IC50 (nM) 




P21 -fu^—Z— 


TSA 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


TSA 


19.2 


68.3 


27.2 


445 



^_h©^«t «9 S ^mM=t a >-?hZ> LDLLfrJ; 9 h LDLD W<Djj 
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MMxhz r. £ ffifrfa^tco ^fc, hdac6 »c#i-5iMett*sj&»jfc 9 igv^r t a» 

^fW*l/^/^-ef*DTT##T^—^ (X = H) ©^^V^ HDAC PJL^^tl 

Jfofil<Dm7r.j3 IE «fc 0 3t5n >HS*ltW LTSttfk L7c i kfrSo 
JfcKl, DTT^e>36>©^Sr^-t"RriBtt^*>Siid^, ft^Lfc SC0P152 





DTT ^##Tt?H 


^5 










IC50 (nM) 




P21 zfn^-Z- 




HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


152 


NT 


NT 


NT 


3510 



DTT*#TfcJfc^T. EC50»S^#<^o7to DTT fci&ifi© pH ^ 

HJ£#I 5 2 . U^VX-CD HDAC |fl*SHt©j|Wfe 

t * h S'T-fe^/Wb W</K£>$];t«:, HeLa mt&fctt UT^lfc^&ffsffi £ 

f?m&rrZZk\z£9ftol£ 0 ffiMWfcWU t h^tfSA/M (HeLa) lOJfiFB 
y ^ 3L/< - ; } r _^ v>Tj 4^^ ofco 15000 ^B/ml 
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#JR£ 6H5W&3IUfco mm&WS~r*mo1Z.®.> lysis buffer (5 0mM Tr 
is-HCl (pH7. 5) > 12 OmM Na C U 5 mM EDTA S 0. 5 
% Non i de t P-40) ^^U, V ~>r— i/3 VUfdo -hflfSr^'L^fit 
\Z.£*>m#>. SDS buffer fc^U 100 o C"e 5 ^^liilfct^/V* 15%SDS 
^Vk-CSM^C®^. h9^77-Ufe 0 l^frtUt 

AKL5C1 ^^-t- „ 2 ifcjfcfl: : ant i-^ ? ^ (LIFE SCIENCE) *t?#yffi« EC 

L(amersham pharmacia biotech) U T±^Ht^> K©1ftffl*ffofc (HI 

06 (^-rilD . P 21 ^-^S'I4S!I^^(EC50) ^-ifcUfcPl* 

SC?0(Dmmm&TX MrjuE^t&BflS (TIG-3) n t h^;dSyUM& (HeLa 

) ^ffiV>Ttro7h 0 TIG-3 HeLa &[BJBS£r 10%FBS ^r^^JP Vfc DMEM i^r 

37°c, ^mn^vtc-c >-*~-<~?~&m^ 

Xigm&fTofro TIG-3 it 30000 IS/well, HeLa « 10000 ffl/woll 

t?9 6^^^^zfU—h^mUV, #well ^fc^ JifEOigifilOO/tl cf^lS 

31 Who 

#well tf)_h?jt30/il &S'J<£>9 6^>f ^n^W— H^L(Ak aofc±?jf£ 
^V>7t 0 0. 5%Triton-X / PBS £ 100^ 1 J»W& 

CTJ<£>9 h^30/zl-fo^bfc(B) 0 rtb^^ 9 6 ^ 

— bA, B <D& well \Z LDH-Cytotoxic Test (Wako) <D^M^^^ ZOfil"? 
oA*K M&£OS&£i2:fc: 0 +#&MfeSJ&as5tA/7c:k, HJ&#it*£ 60 /z 1 £;&P 
x.-CMfe^^r#lt^ J frfc 0 OD560 nm ©SfrfeSWSr-*' 4 V n^U— h V — ( 
Softmax)'-eay^UfHo ^HLDH ^£ bT[A/(A+B)]^^fc 0 B^Stttt. ffli 
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LDH m 50 %t t£Z> t # <Dm&& LD50 b LT/T bfc 0 ft*^ tfSA/$BJ§&S#llftJM 
^^'tttDfit CEPHAS LD50 / dS/UW LD50) #^V^3:£\ aS/UlBfl&liR.tfH- 

^6 

LD50 (nM) rfAjmi&Mtilto 



m^M HeLa TIG-3 SfflflSM^tt 



TSA 


41 .4 


1580 


38.2 


SCOP 152 


370 


6780 


18.3 


SCOP 304 


151 


3471 


23.0 


SCOP 402 


1170 


13300 


11.4 


SCOP 405 


179 


7900 


44.1 


SCOP 304/DTT 


47.1 


1190 


25.2 


SCOP 402/DTT 


161 


4460 


27.8 



mmm 5 4 . ^^<owm 

SCOP 152, SCOP 304 RX* SCOP 402 (D]k^fyX*<Dgfefe<DmMfe&T<DJjW:-? 
ftotCe FCS 99 /zl ^{JISCOP 152 SCOP 304 (10 mM) s SCOP 402 (10 mM) £: 
lAl*nx.T3 7°CTM V^a^— b Ufc 0 ^ft&B^^i: 1 ml <£>H^^/V 
fctafPOTt^lJ:^^*^ NaCl ^n^TttffibfCo - <Z>Mfc*?vl4l 800 a 1 £ 
£9 X gj^n^yi^gicbfc^DMSO 100/il ^X.T^^$^r7Jio CKD^^^rH 
^DMS0-ei 0^^5KLfCb<D^^V^Tp21 ^U^r— ^p^^^^fTofc 
„ ^^^^^-h^reo^^lOCWSi: UT^ttSrJttlfcLfc (0 7) 0 

0 7 9 > JfiL^^-e SCOP 304 &&Tf SCOP 402 tt SCOP 152 £ V 
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j: 9 ifc&tufco HeLa mm^nvx^t^m^m str-fc^/wt y ^#t# 

tftiUTt^ fyOTtf^ftl/^^x^^^ftSUfc (08) o S£*w 
left* t f^l^^ (HeLa) Yt 10%FBS SrSsflP Lfc DMEM JEV\ 37^. 

r^tt^r 15000 fa/ml OtTO^S"? 6 "K^U— V \Z. 2 ml «®U 18 I^M^ 
bfc^, Wtm.ttA4M&ti& TSA. SC0P152 43^1^ SC0P304^ 200 nM % SC0P402 « 

l/iM(^5J;5^U 6l#«E#5il:i^W«*Ufe« *WJ6*PBST?ftofc«. 1 

ysis buffer (50mM Tris-HCl (pH7. 5) x 120mM NaCl. 5mM EDTA N 0. 5% Nonid 

et P-40) fc:!K$BU y^-^3yUfc 0 Jitf&jt'fr^ffifc:*!}*** sds buf 
fer^SS^U lQtfCtB&fKffl&&V1t'tl'7A'& 15%SDS ^/l^S^f)^ * 

i?— )> 2^C^;^ : anti—ri7^(LIFE SCIENCE) ECL (amer sham pharmacia 

biotech)#y®U. Tir^/W^^ K©tfetti*frofc 0 

*»WOflS-&4fcriHDACl, 4\ZttVXtefo^Wgf£&&7F^fc-Z>K HDAC6fcl*fr 
LT^IS t ^ m^tt&^fcft^o7c 0 HDAC6 ^«m^^t?^m^i«< > jEfiT 

ac6 r i: mwtm \z-Dti:&z>*imm^%. mm<ott&m\& 

n HDAC6 m&ftR&2Eft\zE < . TSA fcl&V^^-f ^S*H4s^*>5 - & 

_Lj£<£>jI?K HDAC1, 4K:^UT^ft»c!fiV^|&SErl£«r 

^-To ^oT, *3SWflXfc-&4bW:N HDAC. k*)t>tf, HDAC1, 4^P#LTV>§ 
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R 43 O 




[5£cK r,„ r 21 , r 31 , R Al \tt^famtL\^X7m*fr\%*^;vm*^ir 0 

r^, r 32 , r 33 , r 42 , R 43 ^^^^tta^uT7Km> ^mwci-e <Dmmr/^^m 

/^/U^(D^Tfli)^^'to Rj,, £ R^, R^ h R^, R 3J £ R 32 , R 32 h R^, R 41 

mm i~5 ommT/u* u^m, mmm i~e o^^^^-t-s^*^^: i~5 

5r£fcfc5T/v3r/V^4>U< teT!J"- Ar&s ^ & lufS R^, R^ R 32 , R^, R« 
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5 . Mr** i laft^^sr^^i t-ctft^, skwrnmrnMo 
mm i &fc»4 \z.mmvfrmB<Df&m&tcittffi<ofrft<&Mfflo 

8. b>-|^T-fe^/Hb^l*fc«4^SUfc:^B^ > #5/^ IBM 

9. (2) 



n tt-jR* (1) T?3^|Ufci:ra**C*>0, Hal ftffiUJS^ Jft^JS^ 
^SfrSft^Sr, — jK5£ (3) 



R n , R^, R^, R 31 , R 32 , R 33 , R41. ^42. XtJRR^tt. -AW (D 




(2) 



HNR21 




C00P2 



(3) 
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li^^KJBf^WoflPttT'CSJtS*^ —f®& (4) 

Hal R22R23 R32R33 R42R43 



to 



y v v 

Pi-NRii^^CONR21^^CONR31 / ^CONR41 x '^*COOP2 

(4) 

(:£>K n, R n , R 21 , R^, R^, R 3 i, R32, R*. R«» R42» R 4 3» Pi. P 2 > Hal r± 
P 2 S:l^*Ufc:m{-> ^^K3i^PJ©#^TT*iai^Je$*x —ASS* (5 

) 

R43 



R23 (5) 

n, R n , R21J R«, R23, R31. R32. R33. R42. R 43 > Pi. p 2» XtFHal 

) 

R22 R23 R32 R33 R42 R43 

Y V VL (6) 

P1-NR21-^^C0NR31^^C0NR41 X ''^ S ^C00H 

(5£«K R«. R22. R 2 s> R 3 i» Rsa, R41. R4* R43, XtJRP, tt. lulB-e^Ufc 
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HR11N 




COOP2 



^^^^K^^J#^TT?^^^ (8) 



(5t*K n, R u , R 21 , R^, R» R 31 , R 32 » R33. R41. ^2. R 4 3» Pi» P» &t*Hal 

f^PTK^^i <o Px w p 2 £i&*Lfcm^ -<^f m^J©#tTt« 

SJ&Siir-C. _h|S-^ (5) T?**ih,5fc<£*>fc#> i&V^-$!5*; (5) 



(5£tK n, R n , R 21 , R,,, R^ R 31 , R 32J R 33 , R«» R^, iRt*R«f** ^IB"e^U 



P1-NR21 




COOP2 




(9) 
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